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3.0,  and  3.1  GHz  for  both  polarization  senses. 

The  measured  data  were  collected  on  the  Georgia  Tech  compact  antenna 
range  test  facility  with  the  aid  of  an  automated  data  logger  system 
designed  expressly  for  efficient  collection  of  broadband  antenna  data. 

The  pattern  data,  recorded  directly  on  magnetic  disks,  were  analyzed 
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angular  sectors,  (2)  to  construct  cumulative  probability  curves,  and 
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each  f requency .  The  measured  pattern  data  and  associated  statistical 
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EXECUTIVE  SUMMARY 


i  The  coupling  of  electromagnetic  energy  between  pairs  of  collocated 

antennas  operating  in  different  frequency  bands  is  a  problem  that  is  becoming 
increasingly  serious  with  the  growth  of  antenna  density  per  site.  Thus,  the 
electromagnetic  compatibility  (EMC)  analyst  must  be  able  to  predict  and 
describe  the  out-of-band  antenna  coupling  phenomena  in  order  to  achieve 
maximum  electromagnetic  effectiveness  for  a  given  antenna  installation.  The 
prediction/description  of  such  phenomena  is  especially  difficult  because  of 
the  existence  of  higher-order  modes  in  the  antenna  feed  systems.  These  modes 
produce  far-field  patterns  representing  a  complex  summation  of  the  individual 
higher-order  mode  patterns. 

| 

Since  it  is  usually  not  possible  to  specify  analytically  the  precise 
complex  excitation  coefficients  of  the  higher-order  modes,  and  since  very 
little  measured  data  is  available  to  characterize  empirically  the  out-of-band 
performance,  the  Electromagnetic  Compatibility  Analysis  Center  engaged  the 
Georgia  Institute  of  Technology  (Georgia  Tech)  to  conduct  measurement  research 
on  a  representative  reflector  antenna  at  the  Georgia  Tech  compact  antenna 
range . 

The  antenna  selected  for  testing  was  a  4-foot-diameter  paraboloidal 
reflector  antenna.  The  antenna  was  fed  at  the  prime  focus  with  a  horn,  and 
had  an  F/D  ratio  of  0.32  and  a  design  frequency  of  3.0  GHz. 

The  measurements  were  conducted  on  the  Georgia  Tech  compact  antenna 
range,  with  the  aid  of  a  computer-based  data-gathering  system  especially 
designed  for  the  collection  of  broadband  out-of-band  antenna  pattern  data. 

Housing  for  the  compact  antenna  range  was  an  absorber-lined  room  28  feet 
wide,  26  feet  long,  and  16  feet  high.  The  transmitting  horn  projected  from 
the  floor  and  illuminated  a  silver -painted  paraboloidal  sector  16  feet  wide 
and  12  feet  high.  Reflections  from  this  paraboloidal  sector  were  probed  to 
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verify  that  the  quasi-plane  wave  fields  incident  on  the  test  antenna  were 
"flat"  within  0.5  dB  in  amplitude  and  10  degrees  in  phase  over  the  extent  of 
the  test  antenna  aperture. 

The  data  logger  was  initialized  so  that  all  patterns  were  referenced  to 
the  electrical  boresight  at  3.0  GHz.  Ihe  data  was  recorded  for  both 
polarizations  at  2.9  GHz,  3.0  GHz,  and  3.1  GHz,  and  over  the  ranges  of  5.5  GHz 
to  7 .5  GHz  and  of  8.0  GHz  to  10.0  GHz  in  steps  of  0.1  GHz.  Data  acquisition 
was  limited  to  a  sector  of  no  more  than  80  degrees  in  azimuth  and  20  degrees 
in  elevation. 

From  the  measurements  it  was  found  that  the  peak  gains  of  the  out-of-band 
patterns  were  generally  comparable  with  the  peak  gain  at  the  in-band  design 
frequency.  Ihe  peak  of  the  out-of-band  radiation  was  typically  shifted  in 
azimuth  and  elevation  away  from  the  in-band  electrical  boresight  direction, 
but  the  shifts  were  usually  less  than  the  3-dB  beamwidth  of  the  shifted 
"beam."  Most  of  these  peaks  were  greater  than  25  dBi.  Several  secondary 
lobes  were  also  prominent. 

A  substantial  cross-polarized  pattern  was  radiated  for  the  out-of-band 
frequencies.  The  peak  gains  of  the  cross-polarized  patterns  were  greater  than 
10  dBi  for  the  majority  of  the  tested  frequencies. 

Although  it  is  noted  that  the  cumulative  probability  distributions 
computed  from  the  measured  data  differ  noticeably  from  a  Gaussian 
distribution,  it  is  believed  that  the  Gaussian  approximation  still  provides 
useful  engineering  estimates  for  the  cumulative  probability  distributions. 

Additional  measurements  are  recommended  as  being  needed  for  various  types 
and  lengths  of  waveguide  transmission  components  over  frequency  bands  centered 
about  the  fundamental,  and  both  the  second  and  third  harmonic  frequencies .  It 
is  further  recommended  that  statistical  processing  be  performed  on  the  data  to 
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determine  whether  the  different  transmission  line  devices  result  in 
significant  changes  in  the  out-of-band  statistical  average  pattern 
performance. 

It  is  recommended  that  both  the  data  measured  on  this  project  and  the 
data  to  be  measured  in  future  projects  be  compared  to  the  mean  pattern  and 
standard  deviations  calculated  with  the  Monte  Carlo  computer  model  developed 
in  a  companion  project.  The  computer  model  outputs  are  presently  in  K-space 
and  would  need  to  be  transformed  to  azimuth-elevation  space  to  be  compared 
with  the  data  presented  herein. 
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SECTION  1 
INTRODUCTION 


Hie  results  of  a  1.8  person-year  research  effort  to  collect  and  describe 
out-of-band  antenna  pattern  data  are  summarized  herein.  Hie  research  efforts 
were  devoted  (1)  to  deriving  valid  measured  pattern  data  for  a  reflector 
antenna  for  out-of-band  frequencies  spanning  intervals  around  the  second  and 
third  harmonics  of  the  in-band  design  frequency  and  (2)  to  characterizing 
statistically  the  measured  data.  Hie  measured  pattern  data  and  the  associated 
statistical  data  derived  therefrom  provide  immediately  useful  baseline 
information  that  cam  be  used  in  EMU  applications.  Hie  pattern  and  statistical 
data  also  serve  as  validation  data  for  the  recently  developed  out-of-band 
reflector  model.1  Hie  measured  data  may  also  be  used  to  drive  antenna-antenna 

coupling  prediction  models  that  require  the  complex  (amplitude  and  phase)  far- 

2 

field  electric  field  of  the  antenna  as  am  input. 

Hiis  research  work  was  motivated  by  several  practical  considerations.  In 
particular,  the  coupling  of  electromagnetic  energy  between  cosited  antennas 
operating  in  different  frequency  bands  is  a  serious  problem  in  many 
installations  today,  and  one  whose  importance  is  likely  to  increase  in  the 
future  as  the  density  of  cosited  antennas  increases.  It  is,  therefore, 
imperative  that  the  EMC  analyst  be  able  to  predict  and  describe  the  out-of- 
band  coupling  phenomena  in  order  to  achieve  the  maximum  electromagnetic 
effectiveness  for  a  given  antenna  installation.  Accurate  analysis  of  antenna 


^ells,  T.  3.  and  Ryan,  C.  E.  Jr.,  Out-of-Band  Reflector  Antenna  Model, 
Georgia  Institute  of  Technology,  Final  Technical  Report,  Contract 
DAAG29-80-C-0083 ,  May  1981. 

2Cown,  B.  J.  and  Ryan,  C.  E.,  Jr.,  Near-Field  Theory  and  Techniques  for 
Wideband  Radiating  Systems  at  In-Band  and  Out-of-Band  Frequencies,  Georgia 
Institute  of  Technology,  Interim  Technical  Report  No.  2,  Contract  No. 
DAAG29-78-C-0029,  March  1980. 
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coupling  naturally  requires  a  valid  characterization  of  the  radiation 
properties  of  antennas  at  out-of-band  frequencies.  Of  course,  the 
characterization  of  the  reflector  antenna  pattern  at  an  out-of-band  frequency 
presents  a  difficult  problem  due  to  the  existence  of  higher-order  modes  in  the 
antenna  feed  system  which  produce  far-field  patterns  representing  a  complex 
summation  of  the  individual  higher-order  mode  patterns.  Furthermore,  very 
little  measured  data  is  available  to  characterize  empirically  the  out-of-band 
performance  of  a  reflector  antenna.  It  is  usually  not  possible  to  specify 
analytically  the  precise  complex  excitation  coefficients  of  the  higher-order 
modes,  and  hence  a  statistical  characterization  of  the  antenna  excitation  was 
employed  in  developing  the  numerical  simulation  based  upon  a  Monte  Carlo  model 
for  a  reflector  antenna  under  the  companion  research  project  cited  in 
Reference  1 .  However,  even  sufficient  measurement  data  to  validate  the 
analytical  model  are  lacking.  Accordingly,  the  measurements  program  described 
herein  was  initiated. 

Because  the  effects  of  higher-order  modes  which  exist  at  out-of-band 
frequencies  are  very  sensitive  to  the  RF  transmission  line  components, 
including  the  feed  horn,  attention  should  be  focused  on  measurements  for  a 
well-defined  situation  in  order  (1)  to  establish  valid  measurement  procedures, 
(2)  to  obtain  baseline  data  for  a  representative  reflector  antenna,  and  (3)  to 
identify  unique  problem  areas.  Toward  this  end,  the  measurements  were 
conducted  on  the  Georgia  Tech  compact  antenna  range'*'^  with  the  aid  of  a 
computer-based  data  gathering  system  especially  designed  for  collection  of 
broadband  out-of-band  antenna  pattern  data.  This  facility  and  the  measurement 
procedures  are  described  in  the  next  section.  The  antenna  selected  for 


3 Johnson,  R.  C.,  "Antenna  Range  for  Providing  a  Plane  Wave  for  Antenna 
Measurements,"  U.S.  Patent  3  302  205,  January  31,  1967. 

4 

Johnson,  R.  C.,  Ecker,  A.,  and  Moore,  R.  A.,  "Compact  Range  Techniques  and 
Measurements,"  IEEE  Transactions  on  Antennas  and  Propagation,  Vol.  AP-17, 
pp.  568-576,  September  1969. 
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testing  (see  Figure  1)  was  a  4-foot-diameter  horn-fed  paraboloidal  reflector 
antenna  having  an  F/D  ratio  of  0.32  and  a  design  frequency  of  3.0  GHz.  The 
feed  horn  is  excited  by  an  S-band  coax-to-waveguide  adapter.  The  coax-to- 
waveguide  adapter  and  the  straight  section  of  the  feed  horn  waveguide  are 
constructed  from  standard  WR-284  waveguide.  The  feed  horn  exit  aperture  is 
slightly  flared  in  the  TE^q  E-plane.  The  feed  horn  and  struts  are  described 
in  APPENDIX  A. 


The  magnitude  of  the  out-of-band  measurement  problem  can  be  appreciated 
by  considering  the  possible  higher-order  modes  (shown  in  Figure  2)  that  can 
exist  in  the  WR-284  waveguide  for  the  second  and  third  harmonic  frequency 
regions.  For  example,  energy  can  be  propagated  in  five  different  modes  at  the 
second  harmonic  frequency  of  6.0  GHz.  These  possible  modes  are  the  TE10, 

TE2q»  TEqt,  TE1 i ,  and  TM1 1 .  Sketches  of  the  transverse  components  of  the 
waveguide  electric  fields  for  these  five  modes  are  shown  in  Figure  3.  Note 
that  the  TE1Q  is  polarized  orthogonal  to  the  TEQ1  mode  and  that  the  TE1 1  and 
TM1 1  modes  have  a  component  polarized  orthogonal  to  the  TE1Q.  Thus,  a 
substantial  cross-polarized  radiation  pattern  may  be  present  at  out-of-band 
frequencies.  Similar  considerations  apply  for  the  third  harmonic  reqion  where 
17  modes  are  possible  at  10.0  GHz. 

The  actual  number  of  modes  that  are  excited  and  their  relative  amplitudes 
and  phases  for  a  particular  system  depend  on  the  RF  transmission  line 
system.  Theoretical  considerations  indicate  that  a  filamentary  probe  strongly 
favors  excitation  of  modes  which  have  no  magnetic  field  intensity  component 
parallel  with  the  probe. ^  Thus,  if  the  probe  is  aligned  with,  say,  the  y-axis 

y 

shown  in  Figure  3,  only  the  Ttr  modes  for  (n  =  1,3,5, 7...)  and 

nm 

(m  =  0, 1 , 2, 3,4. . . )  are  excited.  Power  flow  down  the  guide  is  associated 

entirely  with  the  y-polarized  electric  fields  of  the  allowed  TMy  modes  since 

run 

Ey^  f  0  while  ExHy  =  0.  Computations  of  the  power  distribution  among  the 


^Collin,  R.  E.,  Field  Theory  of  Guided  Waves,  McGraw-Hill,  Inc., 


1960. 
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(e)TM„  MODE 


Figure  3.  Transverse  electric  fields  for  the  indicated 
higher-order  modes  in  rectangular  waveguide. 
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modes  are  presented  by  Cown  and  Ryan6  for  a  few  selected  out-of-band 
frequencies  for  excitation  by  a  filamentary  probe.  Numerical  analyses  of 
nonfilamentary  probes,  such  as  the  one  used  in  this  measurement  program,  were 
beyond  the  scope  of  this  research  effort.  It  should  be  noted  that  conversion 
of  some  of  the  electromagnetic  energy  to  other  allowed  modes  can  take  place  in 
the  feed  horn,  particularly  in  the  vicinity  of  the  exit  aperture.  The  far- 
field  pattern  of  the  paraboloidal  reflector  antenna  will,  of  course,  be  a 
sensitive  function  of  the  modal  content.  It  should  be  noted  also  that  the 
relative  phases  of  the  modes  at  the  exit  aperture  are  functions  of  the  horn 
length  and  flare  angles.  This  implies  a  possibly  significant  frequency 
sensitivity. 

The  foregoing  theoretical  considerations  indicate  that  the  out-of-band 
measurements  must  be  performed  for  both  polarization  senses  for  relatively 
fine  frequency  increments  within  the  out-of-band  frequency  intervals  of 
interest.  Accordingly,  the  second  harmonic  measurements  were  conducted  for 
both  polarization  senses  for  the  out-of-band  frequencies  of  5.5  GHz  to  7.5  GHz 
in  steps  of  0.1  GHz.  Similarly,  the  third  harmonic  measurements  were 
conducted  for  both  polarization  senses  for  the  out-of-band  frequencies  of 
8.0  GHz  to  10.0  GHz  in  steps  of  0.1  GHz.  However,  priority  was  given  to  the 
acquisition  of  the  out-of-band  pattern  data  for  the  parallel  polarization 
sense,  and  these  patterns  are  more  extensively  characterized  than  the  cross- 
polarized  patterns. 

The  measurement  facility  and  measurement  procedures  are  described  in 
Section  2;  displays  of  selected  measured  patterns  are  presented  and  discussed 
in  Section  3.  Concluding  remarks  and  recommendations  are  contained  in 
Section  4,  and  a  list  of  references  is  compiled  in  Section  5.  A  description 


6Cown,  8.  J.  and  Ryan,  C.  E.,  Jr.,  Near-Field  Theory  and  Techniques  for 
Wideband  Radiating  Systems  at  In-Band  and  Out-of-Band  Frequencies, 
Georgia  Institute  of  Technology,  Final  Technical  Report,  Contract  No. 
DAAG29-78-C-0029 ,  January  1982. 
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of  the  test  antenna  is  contained  in  APPENDIX  A,  a  list  of  professional 
engineers/scientists  who  made  significant  contributions  to  the  research 
project  is  presented  in  APPENDIX  B,  and  a  list  of  related  research  contracts 
is  contained  in  APPENDIX  C. 
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SECTION  2 

MEASUREMENT  FACILITY  AN)  MEASUREMENT  PROCEDURES 


The  measured  data  were  obtained  on  the  Georgia  Ttech  compact  range  test 
facility  designed  expressly  for  conducting  broadband  antenna  pattern 
measurements.  Far-field  antenna  radiation  patterns  from  450  MHz  to  18  GHz  can 
be  accurately  measured  at  distances  usually  associated  with  the  Fresnel 
zone.  The  measurement  setup  consisted  of  (1)  the  compact  range  test  chamber 
which  housed  the  compact  range  reflector  and  feed  system  and  an 
azimuth/elevation  turntable  on  which  the  test  antenna  was  mounted,  (2)  RF 
generating  and  receiving  equipment,  and  (3)  the  Georgia  Tech  EMED  data 
logger.  Figure  4  shows  the  compact  range  reflector  and  feed  system  and  the 
test  antenna  mounted  on  the  turntable  as  viewed  from  a  vantage  point  at  the 
back  wall  of  the  anechoic  test  chamber.  The  RF  test  equipment  and  the  EMED 
data  logger  are  shown  in  Figure  5.  A  schematic  diagram  of  the  basic 
measurement  configuration  is  contained  in  Figure  6.  The  measurement  facility 
and  the  measurement  procedures  are  described  in  the  following  paragraphs. 

MEASUREMENT  FACILITY  AND  EQUIPMENT 

The  Compact  Range  Facility 

The  test  chamber  of  the  compact  range  facility  is  approximately  28  feet 
wide,  26  feet  long,  and  16  feet  high.  A  cable  trench  is  used  to  interconnect 
the  test  chamber  equipment  with  the  RF  equipment  in  an  adjoining  control 
room.  There  is  a  specially  shaped  cavity  cut  in  the  floor  approximately 
3  feet  deep  to  house  the  feed  system  in  a  manner  which  minimizes  scattering 
from  the  feed  system.  Both  the  range  area  and  the  control  room  are  air- 
conditioned  for  equipment  stability  and  user  comfort.  The  test  chamber  is 
lined  with  Advanced  Absorber  Product's  16-inch  pyramidal  absorber  rated  at 
-40  dB  reflection  for  frequencies  from  500  MHz  to  the  millimeter  region.  The 
compact  range  consists  of  (1)  a  Scientific  Atlanta  Model  5303-1  azimuth-over- 
elevation  turntable,  (2)  a  precision  reflector,  (3)  a  rigidly  mounted  feed 
system,  and  (4)  a  linear  field  probe  system  and  positioner. 
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Fiyure  6.  Ttie  basic  measurement  configuration 
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The  turntable  Model  5303-1  has  all  standard  control  and  output 
features.  The  synchro-motor  output  is  wired  to  the  data  logger  input,  and  tne 
motor  control  cables  are  wired  to  a  standard  Scientific  Atlanta  Series  4116-10 
motor  speed  controller.  Currently,  speed  and  direction  controls  are  set 
manually . 

The  reflector  (shown  in  Figure  4)  is  a  rectangular  offset-fed 
paraboloidal  section  approximately  16  feet  wide  and  12  feet  high.  The  lower 
edge  of  the  reflector  lies  in  a  principal  plane  of  the  parabola,  thus  the 
focal  point  is  also  in  this  plane  approximately  12  feet  from  the  reflector  and 
3  feet  above  ground  level.  The  reflector  consists  of  a  rigid  steel  backing 
structure  with  a  precision -machined  epoxy  surface.  The  epoxy  suface  has 
several  coats  of  metallic  silver  paint.  Hie  dark  semicircular  region  was  left 
unpainted  in  order  to  reduce  unwanted  reflections. 

The  feed  system  is  designed  to  be  used  for  many  types  of  experiments. 
Feeds  are  available  to  cover  from  500  MHz  to  18  GHz.  Each  feed  horn  has  a 
mounting  bracket  with  guide  pins  that  mate  with  the  feed  positioner.  Hie  feed 
positioner  can  be  moved  in  orthogonal  “X,Y, Z"  directions  as  well  as  in  azimuth 
in  order  to  permit  precise  adjustment  of  each  feed.  Each  axis  of  motion  has 
precision  dials  so  that  feeds  may  be  exchanged  without  loss  of  the  precise 
location  of  the  proper  point  of  any  feed. 

The  linear  field  probe  is  used  to  position  a  small  horn  type  antenna 
along  a  10-foot  pole.  The  field  probe  is  used  in  conjunction  with  the  feed 
positioner  to  adjust  the  feed  in  order  to  obtain  fields  incident  on  the  test 
antenna  aperture  that  are  "flat"  in  both  magnitude  and  phase.  The  positioner 
can  be  mounted  either  vertically  or  horizontally  within  the  plane  of  the 
aperture  of  the  test  antenna. 

RF  Generating  and  Receiving  Equipment 


For  this  series  of  experiments,  the  RF  generating  and  receiving  equipment 
was  housed  in  the  control  room  adjacent  to  the  compact  range  facility.  Each 
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piece  of  RF  equipment  was  attached  to  the  Georgia  Tech  EMED  data  logger  via 
special  data  lines.  For  discussion  purposes,  in  the  following  paragraphs,  the 
RF  equipment  is  divided  into  signal  generating  and  receiving  components. 

The  RF  signal  generating  equipment  consisted  of  a  Watkins  Johnson  1204 
frequency  synthesizer,  associated  transmission  lines,  and  a  directional 
coupler.  The  synthesizer  was  connected  to  the  data  logger  via  its  IEEE 
488-1975  general-purpose  data  bus.  The  RF  output  of  the  frequency  synthesizer 
was  connected  to  the  compact  range  feed  system  by  a  coaxial  cable  length  and  a 
directional  coupler  for  frequencies  below  8.0  GHz.  For  frequencies  above  8.0 
GHz,  a  waveguide  transmission  line  and  coupler  were  used.  The  coupler  for 
both  setups  was  attached  to  the  range  feed  horn,  and  the  receiver  reference 
mixer  was  attached  to  the  coupled  arm.  This  arrangement  ensures  that  the 
reference  signal  obtained  includes  amplitude  or  phase  fluctuations  caused  by 
the  source  or  transmission  line. 

The  RF  receiving  equipment  included  Scientific  Atlanta's  1770 
programmable  receiver,  1833  digital  ratiometer,  and  1800  digital  phase 
display.  Ancillary  equipment  included  RF  cables,  coaxial  mixers,  a  coaxial 
rotary  joint,  and  various  digital  data  cables.  It  is  beyond  the  scope  of  this 
report  section  to  describe  all  innerconnections  between  the  various  Scientific 
Atlanta  equipment  or  between  these  devices  and  the  data  logger.  However,  the 
following  discussion  will  describe  the  RF  channels  and  features  necessary  to 
understand  the  general  flow  of  the  data. 

The  receiver  system  was  configured  as  shown  in  Figure  6.  The  RF 
reference  channel  was  connected  as  described  previously,  with  the  reference 
mixer  located  at  the  range  feed.  The  signal  channel  mixer  was  affixed  behind 
the  test  antenna  with  a  short  cable  connecting  it  to  the  test  antenna  feed. 
Another  cable  run  connected  to  the  mixer  through  the  rotary  joint  to  the 
receiver,  thus  this  cable  and  the  rotary  joint,  as  well  as  the  reference 
cable,  carried  only  the  receiver  L0  (1-2  GHz)  and  IF  (45  MHz).  This  RF 
configuration  has  a  minimum  RF  transmission  line-length  between  mixers.  Since 
the  recorded  phase  is  the  relative  phase  between  the  signals  in  the  two 


ECAC-TR-83-003 


Section  2 


channels  and  the  recorded  amplitude  is  the  ratio  between  the  two  channels, 
this  configuration  minimizes  data  distortion  caused  by  RF  transmission  line 
effects  or  RF  power  variations. 

Georgia  Ttech  EMED  Data  Logger 


Hie  Georgia  Ttech  EMED  data  logger  is  a  computer  system  assembled  in-house 
and  designed  specifically  to  interface  and  control  experiments  and 
measurements  using  the  above-described  Scientific  Atlanta  receiving  equipment 
and  turntables.  Hie  data  logger  is  a  dual  CPU  system.  Hie  tasks  of  the  Intel 
8080  (master)  and  the  8085  (slave)  CPU  are  described  below  (see  also 
Figure  7 )  . 

Hie  8085  is  the  interface  between  the  8080  and  the  various  equipments. 
Unless  interrupted  by  commands  from  the  8080  or  the  comparator,  the  8085  is 
locked  in  a  loop  in  which  it  continuously  reads  data  from  the  receiving 
equipment  and  writes  this  data  into  the  "first-in,  first-out"  (FIFO)  memory 
chip.  Upon  command  from  the  8080,  the  8085  controls  any  controllable  function 
of  the  receiver,  interprets  and  responds  with  any  data  it  has,  and  performs 
any  IEEE-488  bus  function  (for  these  experiments  it  controlled  the  RF 
source).  In  addition,  the  8085  also  reads  angle  information  from  two  syncro- 
motor-to-digital  (S  to  D)  converters.  Hie  digital  outputs  from  the  S-to-D 
chips  are  also  multiplexed  (switched)  to  a  latched  comparator  chip.  Hie  other 
input  to  the  comparator  is  written  by  the  8085.  Under  the  normal  pattern 
recording  mode,  an  azimuth  or  elevation  angle  is  passed  from  the  8080  to  the 
8085  to  the  comparator  chip.  Hie  mux  is  then  latched  for  either  azimuth  or 
elevation  data.  When  the  8085  written  angle  and  the  input  azimuth  or 
elevation  match,  the  comparator  chip  interrupts  the  8085.  Hie  8085  interrupt 
routine  then  reads  the  data  buffered  in  the  FIFO  chip,  converts  the  numbers 
into  binary  format,  and  sends  the  data  via  the  high  speed  data  bus  to  the 
8080. 
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Figure  7.  EMED  data  logger  block  diagram. 
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The  Intel  8080  card,  the  64K  memory  card,  the  disk  controller,  and  the 
disk  drives  are  stock  equipment.  As  presently  configured,  the  8080  has 
several  text  editors,  an  assember,  a  FORTRAN  compiler,  a  library  generator, 
and  many  other  software  routines  all  stored  on  disk.  The  8080  runs  under  a 
comprehensive  control  language.  In  general,  the  8080  is  a  "stand-alone" 
computer  with  CRT  console  and  printer. 

All  control  function  routines  written  for  the  8080  to  control  the  8085 
are  contained  in  a  series  of  FORTRAN-callable  libraries,  and  the  data-logger 
control  program  for  this  program  is  written  in  FORTRAN.  A  functional 
description  of  the  main  data-logger  control  program  is  presented  below.  Since 
motor  control  is  not  currently  implemented  on  this  system,  all  azimuth  data  is 
recorded  for  a  single  elevation  angle  in  a  single  program  execution. 

The  data-logger  program  first  asks  the  user  for  all  run  parameters. 

These  parameters  include  the  elevation  angle,  the  azimuth  sector  over  which 
data  will  be  recorded,  the  frequency  increment  data,  the  beginning  frequency, 
and  the  ending  frequency.  The  system  then  tunes  the  source  and  the  receiver 
to  the  beginning  frequency  and  checks  for  frequency  lock.  Next,  the 
receiver's  reference  channel  attenuator  is  set.  This  is  accomplished  by 
incrementally  reducing  the  attenuator  setting  and  checking  the  receiver  for 
saturation  and  amplitude  "out  of  range"  errors.  If  an  error  is  detected,  the 
attenuator  is  increased  by  10  dB.  Next,  the  signal  channel  attenuator  is  set 
in  a  similar  fashion  except  that  the  highest  point  in  the  pattern  is  found 
first  and  then  the  signal  attenuator  is  set  so  that  the  received  signal  is 
10  dB  below  saturation  at  the  highest  point.  After  the  attenuators  are  set, 
all  status  lines  are  checked  once  more  and  then  the  data  are  taken  and  stored 
in  an  array.  Once  the  data  array  is  filled,  the  data  are  corrected  for 
attenuator  settings  and  written  on  a  disk  file.  The  system  then  goes  to  the 
next  frequency  and  repeats  the  process  until  all  frequency  data  have  been 
taken  for  the  selected  elevation  angle. 
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MEASUREMENT  PROCEDURES 


Hie  main  steps  involved  in  conducting  the  broadband  antenna  measurements 
were  (1)  aligning  the  compact  range  feed  horn  to  produce  a  plane-wave  field 
over  the  extent  of  the  aperture  of  the  test  antenna,  (2)  recording  the 
measured  amplitude  and  phase  responses  of  the  test  antenna  via  the  data-logger 
system  and  measuring  the  peak  gain  at  each  frequency,  and  (3)  computer 
processing  of  the  pattern  and  gain  data  to  generate  pattern  plots  and  to 
calculate  statistical  parameters  of  the  pattern  data. 

Compact  Range  Feed  Horn  Alignment 

Hie  compact  range  feed  horn  was  aligned  with  aid  of  the  linear  field 
probe  previously  described  in  this  section.  Hie  probe  was  oriented 
horizontally  in  the  plane  later  to  be  occupied  by  the  test  antenna.  Hie  field 
was  then  probed  with  the  in-band  (S-band)  range  feed,  and  the  feed  was 
adjusted  until  the  quasi-plane  was  "flat"  within  0.5  dB  in  amplitude  and 
10.0  degrees  in  phase  over  the  extent  of  the  test  antenna  aperture.  This 
process  was  repeated  with  the  probe  positioned  vertically  and,  finally, 
several  linear  cuts  were  made  through  the  field  to  ensure  the  flatness  of  the 
incident  wave  through  the  entire  plane  of  the  test  antenna.  Hie  final  feed 
positions  were  then  recorded  for  later  use  in  positioning  the  S-band  feed. 

Hie  above  procedures  were  repeated  for  selected  frequencies  in  each  frequency 
band  with  an  appropriate  waveguide  feed  that  operates  only  in  the  TE10  mode 
over  the  harmonic  region  under  test. 

Data  Collection  and  Processing 


Hie  test  antenna  was  first  positioned  manually  in  azimuth  and  elevation 
via  the  turntable  controller  for  the  maximum  received  signal  at  the  in-band 
frequency  of  3.0  GHz.  Hie  data-logger  azimuth  and  elevation  offset  thumb¬ 
wheel  switches  were  then  adjusted  so  that  the  output  angles  (as  read  from  the 
logger  LED  displays)  were  zero  degrees.  Hiese  in-band  reference  angles  were 
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then  used  for  all  frequency  ranges.  Thus,  all  of  the  out-of-band  patterns 
were  referenced  to  the  electrical  boresight  at  3.0  GHz. 

The  data  logger  is  initialized  with  the  appropriate  frequency  and  angle 
information.  The  data  logger  then  records  the  antenna  responses  in  amplitude 
and  phase  for  all  frequencies  within  the  desired  frequency  range  at  the 
prescribed  elevation  angle.  The  in-band  data  were  recorded  for  the 
frequencies  of  2.9  GHz,  3.0  GHz,  and  3.1  GHz  for  both  polarization  senses. 

The  second  harmonic  data  were  recorded  for  both  polarization  senses  for 
frequencies  from  5.5  GHz  to  7.5  GHz  in  steps  of  0.1  GHz.  Similarly,  the  third 
harmonic  data  were  recorded  for  both  polarization  senses  for  frequencies  from 
8.0  GHz  to  10.0  GHz  in  steps  of  0.1  GHz.  The  elevation  angle  was  then 
incremented  manually  and  the  above  procedures  were  repeated  until  all  data 
were  recorded  for  all  prescribed  elevation  anqles. 

The  in-band  patterns  data,  as  well  as  the  second  and  third  harmonic  out- 
of-band  pattern  data,  were  recorded  over  the  front  80-degree  azimuth  sector 
for  prescribed  elevation  angles.  The  center  of  the  azimuth  sector  was  always 
aligned  with  the  electrical  boresight  defined  by  the  peak  of  the  mainbeam  at 
3.0  GHz.  The  in-band  pattern  data  were  recorded  every  0.5  degree  in 
azimuth.  The  azimuth  pattern  data  for  the  in-band  and  second  harmonic 
frequency  regions  for  the  parallel  polarization  were  collected  every  1.0 
degree  over  a  20-degree  elevation  sector  centered  about  the  3.0  GHz  electrical 
boresight.  The  cross-polarized  data  were  collected  only  for  ±2.0  degrees  and 
0  degrees.  Similarly,  the  third  harmonic  azimuth  pattern  data  were  collected 
every  0.5  degree  over  a  10-degree  elevation  sector  for  parallel  polarization, 
and  the  cross-polarized  data  were  collected  only  for  ±1 .0  degrees  and 
0  degree . 

Appropriate  standard  gain  horns  were  employed  to  determine  a  reference 
gain  level  relative  to  an  isotropic  radiator  over  each  band  of  test 
frequencies.  The  appropriate  standard  gain  horn  was  mounted  on  a  tripod  and 
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positioned  at  the  spot  where  the  center  of  the  test  antenna  aperture  was 
located.  The  reference  gain  level  was  then  recorded  versus  frequency  via  the 
data  logger. 

The  recorded  pattern  data  and  reference  gain  data  were  transferred  via 
phone  lines  from  the  data-logger  system  disks  to  the  Georgia  Tech-owned 
Control  Data  Corporation  Cyber  74  computer  system  for  processing.  Special- 
purpose  FORTRAN  IV  computer  programs  were  employed  to  create  pattern  plots  for 
each  frequency  and  to  compute  the  peak  gain,  the  median  and  standard 
deviation,  and  statistical  average  patterns  (discussed  in  the  next  section). 
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SECTION  3 

OUT-OF-BAND  PATTERN  CHARACTERISTICS 


The  general  characteristics  of  the  measured  patterns  are  described  in  the 
following  paragraphs  with  the  aid  of  (1)  tabulations  of  the  selected  key  EMC 
descriptive  parameters  for  the  measured  patterns  of  the  measured  frequencies  for 
both  polarization  senses,  (2)  power  pattern  plots  at  selected  out-of-band 
frequencies  for  both  polarization  senses,  and  (3)  plots  of  the  statistical 
average  patterns  for  the  second  and  third  harmonic  regions  for  the  parallel 
polarization  sense.  The  selected  EMC  descriptors  were  the  peak  gain,  the  angular 
coordinates  of  the  peak,  and  the  average  gain  and  standard  deviation  over  the 
front  80-degree  angular  sector  for  the  azimuth  pattern  that  cuts  through  the 
highest  peak,  i.e.,  the  maximum  azimuth  pattern.  These  EMC  descriptors  are 
tabulated  in  TABLES  1  through  4.  The  selected  power  pattern  plots  are  displayed 
in  Figures  8  through  44,  and  the  statistical  average  patterns  are  shown  in 
Figures  45  and  46.  Positive  azimuth  angles  for  the  patterns  open 
counterclockwise  from  the  in-band  electrical  boresight  direction  as  viewed  from  a 
vantage  point  behind  the  antenna.  Similarly,  positive  elevation  angles  for  the 
patterns  open  upward  from  the  in-band  electrical  boresight  direction. 

TABLES  1  and  2  present  data  for  the  parallel  polarization  patterns  for  the 
second  and  third  harmonic  frequency  intervals,  respectively.  Similarly,  TABLES  3 
and  4  present  data  for  the  cross  polarization  for  the  second  and  third  harmonics, 
respectively . 

The  power  pattern  plots  presented  in  Figures  8  through  37  contain  plots  for 
the  parallel  polarization  sense.  Those  shown  in  Figures  38  through  44  contain 
plots  for  the  cross  polarization  sense.  Each  one  of  the  even-number  figures, 
numbers  8  through  36,  shows  plots  of  the  azimuth  patterns  for  the  21  elevation 
angles  for  the  parallel  polarization.  Each  of  these  plots  is  followed  by 
plots  of  the  azimuth  and  elevation  patterns  obtained  by  cutting  through  the 
overall  pattern  maximum.  The  figures  are  grouped  according  to  frequency  in 
ascending  order  from  3.0  GHz  to  10.0  GHz.  For  the  cross  polarization,  only 
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TABLE  1 

TABULATION  OF  THE  PEAK  GAIN,  THE  ANGULAR 
COORDINATES  OF  THE  PEAK,  AND  THE  AVERAGE  GAIN  AND  STANDARD 
DEVIATION  FOR  THE  OUT-OF-BAND  FREQUENCIES  FROM  5 .5  GHz  TO  7.5  GHz 
FOR  THE  PARALLEL  POLARIZATION  SENSE 


equency 

(GHz) 

Peak 

Gain 

(dB/iso) 

Angular 

Coordinates3 

(degrees ) 

d>  8 

Yo  o 

Average 

Gain 

(dB/iso) 

Standard 
Deviation 
( ±dB ) 

5.5 

31  .0 

+0.5 

+  2.0 

+4.5 

1  1  .7 

5.6 

30.7 

+0.5 

-3.0 

+  3.4 

10.4 

5.7 

31  .0 

+0.5 

-4.0 

+5.8 

10.4 

5.8 

31  .2 

+0.0 

-3.0 

+2.6 

11.3 

5.9 

31  .5 

+0.5 

-4.0 

+5.1 

1  1  .7 

6.0 

32.7 

-0.5 

-3.0 

+  3.2 

11.3 

6.1 

31  .0 

+0.5 

-4.0 

+4  .5 

1  1  .0 

6.2 

31  .0 

0.0 

-2.0 

+1  .5 

12.7 

6.3 

27.7 

+0.5 

0.0 

+4.2 

12.0 

6.4 

30.8 

0.0 

+  1  .0 

+0.6 

10.4 

6.5 

31  .8 

0.0 

+  2.0 

+3.1 

9.8 

6 . 6 

31  .6 

0.0 

+2.0 

+3.0 

9.7 

6.7 

31  .7 

+0.5 

+  2.0 

-1  .0 

12.2 

6.8 

31 .2 

0.0 

+  3.0 

+0.6 

11.4 

6.9 

32.2 

0.0 

+  3.0 

-0.3 

12.0 

7.0 

32.3 

0.0 

+  2.0 

+0.4 

12.6 

7.1 

31  .7 

0.0 

+  3  .0 

+0.5 

1  1  .5 

7.2 

31  .3 

0.0 

+3.0 

+2.3 

11.2 

7.3 

33.7 

0.0 

+  1  .0 

+3.2 

1  2  .2 

7.4 

31 .1 

+0.5 

-4.0 

+0.6 

9.9 

7.5 

30.2 

+  3.0 

+2.0 

+  1  .1 

1  1  .7 

^The  symbols  and  9Q  denote  the  azimuth  and  elevation  angles,  respectively, 
of  the  highest  peak. 
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TABLE  2 

TABULATION  OF  THE  PEAK  GAIN,  THE  ANGULAR 
COORDINATES  OF  THE  PEAK,  AND  THE  AVERAGE  GAIN  AND  STANDARD 
DEVIATION  FOR  THE  OUT-OF-BAND  FREQUENCIES  FROM  8.0  GHz  TO  10.0  GHz 
FOR  THE  PARALLEL  POLARIZATION  SENSE 


Peak 

Angular 

Coordinates3 

Average 

Standard 

Frequency 

Gain 

(degrees ) 

Gain 

Deviation 

(GHz) 

(dB/iso) 

<0 

To 

9 

o 

(dB/iso) 

( ±dB ) 

8.0 

33.5 

-0.5 

-1  .5 

-3.1 

14.3 

8.1 

27.5 

-0.5 

-1  .0 

-9.0 

14.6 

8.2 

25.0 

-0.5 

-2.0 

-13.0 

14.9 

8.3 

26.5 

-0.5 

-0.5 

-10.9 

14.1 

8.4 

21  .5 

-0.5 

-1  .0 

-14.7 

1  3  .2 

8.5 

23.0 

-0.5 

0.0 

-13.9 

14.3 

8.6 

26.5 

-1  .0 

+  1  .0 

-11  .5 

14.4 

8.7 

16.5 

-1  .0 

+  1  .0 

-19.8 

14.2 

8.8 

19.0 

-0.5 

+  1  .0 

-18.5 

14.5 

8.9 

27.0 

-0.5 

+0.5 

-10.5 

12.7 

9.0 

24.0 

-0.5 

+  1  .0 

-14.6 

14.3 

9.1 

20.5 

-0.5 

+  1  .0 

-17.3 

13.2 

9.2 

27.5 

-0.5 

-2.0 

-5.1 

1  2  .0 

9.3 

31  .0 

-1  .0 

+1  .0 

+  1  .2 

1  3.6 

9.4 

31  .5 

-0.5 

0.0 

-8  .8 

14.9 

9.5 

27.5 

-0.5 

0.0 

-13.1 

15.0 

9.6 

30.5 

-1  .0 

+  2.0 

-5.2 

13.5 

9.7 

26.0 

-0.5 

-0.5 

-9.3 

13.4 

9.8 

33.5 

-0.5 

0.0 

-2.8 

1  3  .6 

9.9 

30.5 

-1  .0 

+  3.5 

-8.4 

13.5 

10.0 

20.0 

-1  .5 

0.0 

-17.4 

14.1 

symbols 
the  highest 

and  9  denote 
o 

peak . 

the  azimuth  and 

elevation  angles. 

respective! 
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TABLE  3 

TABULATION  OF  THE  PEAK  GAIN,  THE  ANGULAR 
COORDINATES  OF  THE  PEAK,  AND  THE  AVERAGE  GAIN  AND  STANDARD 
DEVIATION  FOR  THE  OUT-OF-BAND  FREQUENCIES  FROM  5 .5  GHz  TO  7 .5  GHz 
FOR  THE  CROSS  POLARIZATION  SENSE 


Peak 

Angular 

Coordinates3 

Average 

Standard 

Frequency 

Gain 

(degrees ) 

Gain 

Deviation 

(GHz) 

(dB/iso) 

*o 

9o 

(dB/iso) 

( ±dB ) 

5.5 

22.7 

+2.5 

-1  .0 

-3  .0 

1 1  .7 

5.6 

23.9 

+  2.5 

-1  .0 

-3.0 

13.3 

5.7 

23.6 

+2.5 

-1  .0 

-5.5 

1  3  .3 

5.8 

21  .4 

+2.5 

0.0 

-3.1 

10.2 

5.9 

21  .9 

+2.5 

-1  .0 

-2.1 

10.5 

6.0 

18.8 

+  2.5 

-1  .0 

-7.5 

12.6 

6.1 

20.8 

+  2.5 

-1  .0 

-5.0 

1  1  .4 

6.2 

17.9 

+2.5 

-1  .0 

-6.9 

9.7 

6.3 

1  3.1 

-3.5 

+  1  .0 

-1  1  .0 

9  .0 

6.4 

1  2.6 

+1  .5 

-1  .0 

-12.0 

10.4 

6.5 

17  .2 

+2.5 

-1  .0 

-8.1 

12.1 

6.6 

16.3 

+3.0 

-1  .0 

-8.3 

10.1 

6.7 

24.4 

+2.0 

+  1  .0 

+0.7 

9  .0 

6.8 

17.0 

+  2.0 

+  1  .0 

-10.3 

13.6 

6.9 

13.9 

+  1  .5 

+  1  .0 

-6.2 

1  1  .9 

7.0 

17.8 

-2.0 

+  1  .0 

-10.3 

10.2 

7  .1 

19.9 

-2.0 

+  1  .0 

-5  ,3 

9.7 

7.2 

20.4 

+  2.5 

-1  .0 

-7.1 

13.2 

7  .3 

22.9 

+2.5 

-1  .0 

-6.7 

14.2 

7.4 

19.1 

-1.5 

+  1  .0 

-8.6 

12.0 

7.5 

16.8 

-1  .5 

+  1  .0 

-10.0 

1  1  .0 

aThe  symbols  and  0Q  denote  the  azimuth  and  elevation  angles,  respectively, 
of  the  highest  peak . 
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TABLE  4 

TABULATION  OF  THE  PEAK  GAIN,  THE  ANGULAR 
COORDINATES  OF  THE  PEAK,  AND  THE  AVERAGE  GAIN  AND  STANDARD 
DEVIATION  FOR  THE  OUT-OF-BAND  FREQUENCIES  FROM  8.0  GHz  TO  10.0  GHZ 
FOR  THE  CROSS  POLARIZATION  SENSE 


Angular 

Peak  Coordinates3  Average  Standard 


Frequency 

(GHz) 

Gain 

(dB/iso) 

(degrees ) 

$  8 
yo  o 

Gain 
(dB/iso ) 

Deviation 

(±dB) 

8.0 

22.0 

+  1  .0 

-1  .0 

-8  .3 

1  1  .9 

8.1 

17.7 

+  1  .0 

-1  .0 

-12.9 

11.7 

8.2 

21  .3 

+  1  .0 

-1  .0 

-1 1  .0 

1  3  .8 

8.3 

17.7 

-1  .0 

-1  .0 

-10.8 

12.2 

8.4 

10.8 

-1  .0 

-1  .0 

-17  .2 

10.9 

8.5 

10.1 

+  1  .0 

-1  .0 

-19.5 

12.2 

8.6 

15.1 

+1  .0 

-1  .0 

-16.4 

1  3  .8 

8.7 

7.3 

-2.0 

0.0 

-21  .4 

12.0 

8.8 

8.6 

+  2.0 

+  1  .0 

-21  .8 

1 1  .6 

8.9 

19.9 

-2.0 

+  1.0 

-1  1  .0 

12.1 

9.0 

19.9 

-2.0 

+  1  .0 

-13.8 

1  3  .2 

9.1 

20.9 

+2.0 

+  1  .0 

-12.9 

13.8 

9.2 

21  .5 

+  2.0 

+  1  .0 

-14.2 

15.3 

9.3 

22.5 

-3.0 

+  1  .0 

-10.4 

13.7 

9.4 

7.3 

+  3.0 

+1  .0 

-22.6 

12.9 

9.5 

14.5 

+3.0 

+  1  .0 

-15.5 

12.4 

9.6 

20.4 

-4  .0 

+  1  .0 

-10.0 

12.5 

9.7 

17.2 

-3.0 

+  1  .0 

-11.5 

12.0 

9.8 

16.4 

+  2.0 

-1  .0 

-10.9 

1  1  .7 

9.9 

21  .3 

-3.0 

-1  .0 

-8.3 

12.6 

10.0 

10  .6 

-3  .0 

-1  .0 

-21  .8 

1  3  .0 

aTt\e  symbols  and  9q  denote  the  azimuth  and  elevation  angles,  respectively, 
of  the  highest  peak. 
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Figure  9.  Principal  plane  azimuth  pattern  for  the  parallel 

polarization  for  the  in-band  frequency  of  3.0  GHz. 
The  gain  at  the  highest  peak  is  28.2  dB  relative 
to  an  isotropic  radiator. 
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figure 


AZIMUTH  ANGLE  (DEG) 


ELEVATION  ANGLE  (DEG) 


17.  Azimuth  and  elevation  patterns  corresponding  to  the 
overall  recorded  pattern  maximum  for  the  parallel 
polarization  for  the  out-of-band  frequency  of  6.3  GHz. 
The  gain  at  the  top  of  each  chart  is  27.7  dB  relative 
to  an  isotropic  radiator. 
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(00)  d3M0d  3AI±V13d 


ixonometric  view  showing  plots  of  the  azimuth  patterns  recorded 
or  21  elevation  angles  for  the  parallel  polarization  for  the 
mt-of-band  frequency  of  6.4  GHz.  The  gain  at  the  highest  peak 
s  30.8  dB  relative  to  an  isotropic  radiator. 
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RELATIVE  POWER  (DB)  RELATIVE  POWER 


xonometric  view  showinq  plots  of  the  azimuth  patterns  recorded  tor 
1  elevation  any les  tor  the  parallel  polarization  for  the  out-of-band 
requency  of  6.6  GHz.  The  qain  at  the  hiqhest  peak  is  31.6  db  relative 
o  an  isotropic  radiator. 
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Figure  34.  Axonometric  view  showing  plots  of  the  azimuth  patterns  recorded  for 

21  elevation  angles  for  the  parallel  polarization  for  the  out-of-band 
frequency  of  9.6  GHz.  The  gain  at  the  highest  peak  is  30.5  dB  relative 
to  an  isotropic  radiator. 
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AZIMUTH  ANGLE  (DEG) 


Figure  38.  Azimuth  and  elevation  patterns  corresponding  to  the 
overall  recorded  pattern  maximum  for  the  cross 
polarization  for  the  in-band  frequency  of  3.0  GHz. 
The  gain  at  the  top  of  each  chart  is  6.8  dB  relative 
to  an  isotropic  radiator. 
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AZIMUTH  ANGLE  (DEG) 


Figure  39.  Azimuth  and  elevation  patterns  corresponding  to  the 
overall  recorded  pattern  maximum  for  the  cross 
polarization  for  the  out-of-band  frequency  of  5.5  GHz. 
The  gain  at  the  top  of  each  chart  is  22.7  dB  relative 
to  an  isotropic  radiator. 
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AZIMUTH  ANGLE  (DEG) 


Figure  40. 


Azimuth  and  elevation  patterns  corresponding  to  the 
overall  recorded  pattern  maximum  for  the  cross 
polarization  for  the  out-of-band  frequency  of  6.5  GHz. 
The  gain  at  the  top  of  each  chart  is  17.2  dB  relative 
to  an  isotropic  radiator. 
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Figure 


41.  Azimuth  and  elevation  patterns  corresponding  to  the 
overall  recorded  pattern  maximum  for  the  cross 
polarization  for  the  out-of-band  frequency  of  7.5  GHz. 
The  gain  at  the  top  of  each  chart  is  16.8  dB  relative 
to  an  isotropic  radiator. 
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AZIMUTH  ANGLE  (DEG) 


Figure  42.  Azimuth  and  elevation  patterns  corresponding  to  the 
overall  recorded  pattern  maximum  for  the  cross 
polarization  for  the  out-of-band  frequency  of  8.0  GHz. 
The  gain  at  the  top  of  each  chart  is  22.0  dB  relative 
to  an  isotropic  radiator. 
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AZIMUTH  ANGLE  (DEG) 


Figure  43.  Azimuth  and  elevation  patterns  corresponding  to  the 
overall  recorded  pattern  maximum  for  the  cross 
polarization  for  the  out-of-band  frequency  of  9.0  GHz. 
The  gain  at  the  top  of  each  chart  is  19.9  dB  relative 
to  an  isotropic  radiator. 
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Figure  44.  Azimuth  and  elevation  patterns  corresponding  to  the 
overall  recorded  pattern  maximum  for  the  cross 
polarization  for  the  out-of-band  frequency  of  10.0  GHz. 
The  gain  at  the  top  of  each  chart  is  10.6  dB  relative 
to  an  isotropic  radiator. 
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plots  of  the  maximum  recorded  azimuth  pattern  are  displayed  in  Figures  38 
through  44.  Again,  the  figures  are  sequenced  by  frequency  in  ascending  order 
from  3.0  to  10.0  GHz. 

TABULATIONS  OF  KEY  EMC  PARAMETERS 


The  data  tabulated  in  TABLES  1  through  4  provide  an  overview  of  the 
selected  EMC  parameters  versus  frequency  and  polarization  sense,  particularly 
for  the  parallel  polarization  sense.  The  peak  gain  and  the  angular 
coordinates  of  the  peak  for  parallel  polarization  are  accurately  determined 
because  the  measured  data  were  recorded  every  1 .0  degree  for  elevation  angles 
from  -10.0  degrees  to  +10.0  degrees  for  the  second  harmonic  region,  and  every 
0.5  degree  from  -5.0  degrees  to  +5.0  degrees  for  the  third  harmonic  region. 

The  recorded  peak  gain  for  cross  polarization  data  were  recorded  only  for 
elevation  angles  of  +2.0  degrees  and  0  degrees  for  the  second  harmonic  region 
and  for  ±1 .0  degree  and  0  degrees  for  the  third  harmonic  region.  However,  the 
significantly  high  peak  gains  that  were  recorded  for  the  cross  polarization 
sense  indicate  that  the  cross  polarized  data  should  be  measured  as  extensively 
as  the  parallel  polarization  data  during  future  out-of-band  measurements. 

The  values  of  average  gain  and  standard  deviation  presented  in  the  tables 
were  computed  from  the  maximum  azimuth  pattern  rather  than  from  the  entire 
data  set  because  the  elevation  pattern  data  do  not  extend  into  the  sidelobe 
regions.  Values  of  the  average  gain  and  standard  deviation  computed  from  the 
entire  data  set  would  be  difficult  to  interpret  and  may  not  be  meaningful  due 
to  the  truncation  of  the  elevation  pattern  data.  However,  it  appears  that  the 
average  gain  and  standard  deviation  for  the  maximum  azimuth  pattern  is  a 
useful  interim  approximation  to  the  statistics  of  the  measured  pattern  data 
pending  the  collection  of  data  for  larger  elevation  sectors.  In  particular, 
elevation  and  azimuth  sectors  of  at  least  120  degrees  of  the  antenna  are 
recommended  for  future  investigations  in  order  to  obtain  more  useful  and 
accurate  values  of  average  gain  and  standard  deviation  for  EMC  applications. 
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It  should  be  emphasized  that  the  average  gain  values  tabulated  in  the 
tables  should  be  compared  with  the  corresponding  average  gain  for  the  in-band 
3.0  GHz  frequency  over  the  same  80-degree  sector.  The  average  gain  and 
standard  deviation  for  3.0  GHz  for  parallel  polarization  are  +3.5  dB  and  ±10.6 
dB,  respectively,  for  the  front  80-degree  azimuth  sector.  The  average  gain 
and  standard  deviation  3.0  GHz  for  cross  polarization  are  -5.8  dB  and  +6.8  dB, 
respectively,  over  this  same  azimuth  sector. 

The  cumulative  probability  distributions  computed  directly  from  the  out- 
of-band  frequencies  differ  noticeably  from  a  Gaussian  distribution  and  do  not 
appear  to  have  a  simple  analytical  form.  Plots  of  the  directly  computed  and 
the  approximated  cumulative  probability  distribution  for  the  maximum  azimuth 
pattern  at  9.2  GHz  are  shown  in  Figure  47.  The  numerical  average  gain  and 
standard  deviation  presented  in  the  tables  provide  marginally  acceptable 
interim  estimates  for  the  actual  cumulative  probability  distributions  when 
used  in  the  Gaussian  approximation. 

Inspection  of  the  data  presented  in  TABLE  1  for  the  second  harmonic 
region  and  in  TABLE  2  for  the  third  harmonic  region  for  the  parallel 
polarization  reveals  several  interesting  trends.  In  particular,  the  peak  gain 
for  the  second  harmonic  region  varies  from  a  lowest  recorded  value  of  27 .7  dB 
at  6.3  GHz  to  a  highest  recorded  value  of  33.7  dB  at  7.3  GHz.  However,  the 
peak  gain  is  typically  “  31  dB  for  the  majority  of  the  frequencies.  The 
largest  recorded  azimuth  shift  is  +3.0  degrees  at  7.5  GHz;  the  largest 
recorded  elevation  shift  is  -4.0  degrees  at  7.4  GHz.  The  average  gain  over 
the  front  ±40-degree  sector  varies  from  about  -1.0  dB  at  6.7  GHz  to  4.5  dB  at 
5.7  GHz.  Most  of  the  average  gain  values  are  comparable,  with  the  average 
gain  of  3.5  dB  obtained  for  the  in-band  3.0  GHz  pattern.  Similarly,  the 
standard  deviations  for  the  second  harmonic  region  range  from  ±9.7  dB  at  6.6 
GHz  to  ±12.7  dB  at  6.2  GHz.  The  tabulated  standard  deviations  are 
commensurate  with  the  in-band  3.0  GHz  standard  deviation  of  10.6  dB. 

The  peak  gain  values  shown  in  TABLE  2  for  the  third  harmonic  region  vary 
more  significantly  than  do  the  peak  gain  values  for  the  second  harmonic  region 
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Figure  47.  Plots  of  the  cumulative  probability  distribution  function  constructed 
from  direct  statistical  analysis  (dots)  and  the  Gaussian  cumulative 
probability  distribution  function  (solid  line)  constructed  from  the 
average  gain  and  standard  deviation  for  the  maximum  azimuth  pattern 
for  parallel  polarization  at  the  out-of-band  frequency  of  9.2  GHz. 
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just  discussed.  In  particular,  the  recorded  peak  varies  from  16.5  dB  at.  8.7 
GHz  to  about  33.5  dB  at  both  8.0  GHz  and  9.8  GHz.  The  largest  recorded 
azimuth  shift  is  -1.5  degrees  at  10.0  GHz;  the  largest  recorded  elevation 
shift  is  +3.5  degrees  at  9.9  GHz.  The  average  gain  varies  from  about  -19.8  dB 
at  8.7  GHz  to  about  +1.2  dB  at  9.3  GHz.  The  average  gain  is  below  isotropic 
for  all  frequencies  except  9.3  GHz.  The  standard  deviations  range  from  about 
12.0  dB  at  9.2  GHz  to  about  ±15.0  dB  at  9.5  GHz;  thus,  the  average  gains  are 
typically  lower  than  the  in-band  average  gain,  and  the  standard  deviations  are 
typically  greater  than  the  in-band  standard  deviation. 

The  tabulated  values  of  peak  gain,  angular  coordinates  of  the  peak,  and 
the  average  gain  and  standard  deviation  (shown  in  TABLES  3  and  4  for  the 
second  and  third  harmonic  regions,  respectively,  for  the  cross  polarization 
sense)  also  reveal  important  trends  even  though  the  data  were  obtained  from 
only  three  selected  elevation  angles.  In  particular,  the  peak  gain  for  the 
second  harmonic  region  ranges  from  13.1  dB  at  6 .3  GHz  to  24 .4  dB  at  6 .7  GHz . 
The  azimuth  shifts  range  from  -3.5  degrees  at  6.3  GHz  to  about  +3.0  degrees  at 

6.6  GHz.  Note  that  the  maximum  azimuth  patterns  for  the  cross  polarization 
sense  typically  have  two  beams  located  approximately  symmetrically  either  side 
of  zero  degrees  azimuth,  and  that  their  peak  gain  values  are  often 
approximately  equal.  The  average  gain  varies  from  about  -12.0  dB  at  6.4  GHz 
to  about  +0.7  dB  at  6.7  GHz,  and  the  standard  deviation  varies  from  about  9.0 
dB  for  both  6.3  GHz  and  6.7  GHz.  The  average  gain  values  are  commensurate 
with  the  in-band  average  gain  of  -5.8  dB  for  the  cross  polarization  sense,  and 
the  standard  deviations  are  significantly  greater  than  the  standard  deviation 
of  ±6.8  dB  for  the  in-band  cross  polarized  pattern. 

The  peak  gain  for  the  third  harmonic  region  varies  from  7.3  dB  at  both 

8.7  GHz  and  3.4  GHz  to  22.5  dB  at  9.3  GHz.  Most  of  the  peak  gain  values  are 
in  excess  of  10  dB .  The  azimuth  shift  varies  from  -4.0  degrees  at  9.6  GHz  to 
+3.0  degrees  at  both  9.4  GHz  and  9.5  GHz.  The  elevation  shift  ranges  from 

-1 .0  degree  tor  about  half  of  the  frequencies  to  about  +1 .0  degree  for  the 
remainder.  However,  there  was  no  elevation  shift  for  the  8.7  GHz  frequency. 
The  average  gain  values  for  the  third  harmonic  region  vary  from  -21 .8  dB  at 
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both  8.8  GHz  and  10.0  GHz  to  -8.3  dB  at  both  8.0  GHz  and  9.9  GHz.  The 
standard  deviation  varies  from  10.9  dB  at  8.4  GHz  to  15.3  dB  at  9.2  GHz. 


POWER  PATTERN  DISPLAYS 


The  power  patterns  displayed  in  Figures  8  and  9  for  the  in-band  frequency 
of  3.0  GHz  show  the  typical  behavior  expected  for  the  parallel  polarization 
pattern  at  the  design  frequency.  Namely,  there  is  a  single  pencil  beam  whose 
peak  gain  is  28.2  dB,  and  the  close-in  sidelobes  are  about  -22  dB  relative  to 
the  peak  value  located  at  zero  degrees  in  azimuth  and  elevation. 

The  general  behavior  of  the  parallel-polarized  patterns  over  the  second 
harmonic  region  is  shown  in  Figures  10  through  25.  A  rapid  assessment  of  the 
tvK>  dimensional  patterns  may  be  made  by  scanning  the  plots  shown  in  Figures 
10,  12,  14,  16,  18,  20,  and  24  for  the  frequencies  of  5.5  GHz,  6.0  GHz, 

6.2  GHz,  6.3  GHz,  6.4  GHz,  6.5  GHz,  and  6.6  GHz,  respectively.  The 
characteristics  of  each  pattern  in  the  vicinity  of  the  pattern  peak  are 
displayed  in  the  azimuth  and  elevation  plots  presented  in  the  odd-numbered 
figures  immediately  following  each  plot. 

Several  interesting  facts  can  be  derived  from  inspection  of  the  plots  in 
Figures  10  through  25.  In  particular,  the  pattern  details  change 
significantly  with  changes  in  frequency,  even  for  test  frequencies  for  which 
the  same  number  of  higher-order  modes  can  propagate.  This  behavior  may  be 
discerned  (1)  by  comparing  the  plots  for  5.5  GHz,  6.0  GHz,  and  6.1  GHz  with 
each  other  and  (2)  by  comparing  the  plots  for  6.6  GHz  with  the  plots  for  6.5 
GHz.  In  the  first  instance,  only  the  first  five  modes  can  propagate;  in  the 
second  instance,  the  first  eight  modes  can  propagate.  In  both  instances,  the 
pattern  details  are  seen  to  be  noticeably  different  for  two  frequencies  which 
have  common  allowed  mode  excitations.  This  behavior  is  attributed  to  changes 
in  the  complex  excitation  coefficients  of  the  propagating  modes  with 
frequency. 
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Furthermore,  comparison  of  the  patterns  for  frequencies  6.2  GHz,  6.3  GHz, 
and  6.4  GHz  (which  have  differing  numbers  of  allowed  modes)  reveals  that  the 
pattern  details  vary  considerably  for  these  three  frequencies.  However, 
without  a  much  deeper  analysis  than  is  provided  for  in  this  measurements 
study,  it  is  not  possible  to  discern  whether  the  pattern  changes  are  due 
mainly  to  the  appearance  of  new  modes  or  merely  to  changes  in  the  relative 
amplitudes  and  phases  of  the  previously  existing  modes.  Nevertheless,  it  is 
clear  from  the  pattern  plots  that  small  changes  of  0.1  GHz  at  out-of-band 
frequencies  can  cause  significant  changes  in  the  antenna  pattern  details. 

All  of  the  interacting  pattern  characteristics  cited  above  for  the  second 
harmonic  frequency  region  also  apply  to  the  patterns  displayed  in  Figures  26 
through  42  for  the  third  harmonic  region.  For  example,  the  pattern  details 
for  the  out-of-band  frequencies  of  8.8  GHz  and  9.0  GHz  differ  noticeably 
despite  having  the  same  number  of  allowed  modes.  The  sensitivity  of  the  third 
harmonic  patterns  to  changes  in  the  number  of  modes  may  be  discerned  by 
inspecting  the  patterns  for  8.0  GHz,  9.0  GHz,  9.2  GHz,  9.4  GHz,  9.6  GHz,  and 
10.0  GHz  for  which  energy  can  propagate  in  the  first  10,  11,  12,  14,  15,  and 
17  modes,  respectively.  Again,  it  cannot  be  readily  determined  if  the 
observed  changes  in  pattern  details  are  due  primarily  to  the  appearance  of 
additional  modes  or  to  changes  in  the  relative  amplitudes  and  phases  of 
previously  existing  modes. 

The  cross -polarized  maximum  azimuth  pattern  recorded  for  the  in-band 
frequency  of  3.0  GHz  displayed  in  Figure  38  has  the  characteristic  "split- 
beam"  shape  associated  with  cross-polarized  patterns.  The  recorded  peak  gain 
value  of  6.8  dB  is  perhaps  higher  than  expected  and  may  be  partially  due  to 
compact  range  effects  arising  from  the  cross-polarization  characteristics  of 
the  range.  Nevertheless,  the  cross-polarized  pattern  serves  as  a  useful 
reference  pattern  for  gauging  the  relative  significance  of  cross-polarized 
patterns  at  out-of-band  frequencies. 

The  cross-polarized  patterns  for  the  recorded  maximum  azimuth  patterns 
shown  in  Figures  39  through  44  for  the  out-of-band  frequencies  of  5.5  GHz,  6.5 
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GHz,  7.5  GHz,  8.0  GHz,  9.0  GHz,  and  10.0  GHz,  all  have  the  characteristic 
"split-beam"  shape.  However,  the  recorded  peak  gains  are  significantly 
greater  than  the  recorded  peak  gain  for  the  in-band  frequency.  This  result  is 
attributed  primarily  to  the  excitation  of  the  TEmn  and  TMmn  inodes  having  both 
indices  greater  than  zero  and  possibly  the  TEq^  modes  having  odd  values  of  m 
greater  than  one.  A  Fourier  analysis  of  the  complex  (amplitude  and  phase) 
pattern  data  recorded  over  at  least  +60  degrees  in  azimuth  and  elevation  would 
be  required  in  order  to  identify  confidently  the  waveguide  mode  excitations 
_ for  the  cross-polarized  and  the  parellel-polarized  patterns. 

STATISTICAL  AVERAGE  PATTERNS 


The  statistical  average  patterns  for  the  parallel  polarization  sense  for 
the  second  and  third  harmonic  frequency  regions  displayed  in  Figures  45  and 
46,  respectively,  provide  a  succinct  description  of  the  measured  out-of-band 
pattern  characteristics  over  the  second  and  third  harmonic  regions.  The 
patterns  were  obtained  by  computing  the  numerical  average  value  of  the 
measured  pattern  data  for  all  of  the  frequencies  in  the  measured  frequency 
band  at  each  recorded  azimuth  and  elevation  angle.  The  standard  deviation  at 
each  azimuth  and  elevation  was  also  computed. 

The  average  peak  gain  value  of  28.2  dB  occurs  at  an  azimuth  angle  of  +0.5 
degree  and  elevation  angle  of  -2.0  degrees  for  the  second  harmonic  average 
pattern.  The  standard  deviation  at  the  average  peak  gain  level  is  ±4.0  dB . 

The  standard  deviation  in  the  side  lobe  regions  varies  from  about  ±3.0  dB  to 
+  8  dB. 


The  average  peak  gain  value  of  24.0  dB  occurs  at  an  azimuth  angle  of  -0.5 
degree  and  elevation  angle  of  0  degrees  for  the  third  harmonic  average 
pattern.  The  standard  deviation  at  the  average  peak  gain  level  is  ±  5.6  dB . 
Again,  the  standard  deviation  in  the  sidelobe  regions  varies  from  about  ±3  to 
about  ±8  dB. 
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The  cumulative  probability  distribution  function  associated  with  each 
point  in  angular  ( 6 , <<> )  space  is,  in  fact,  a  function  of  the  angular 
coordinates  (0,$).  However,  analysis  of  the  cumulative  probability 
distribution  function  at  the  angular  coordinates  of  the  peak  average  gain  (and 
at  one  point  in  the  sidelobe  region)  indicates  that  the  Gaussian  approximation 
provides  satisfactory  estimates  for  most  engineering  applications.  More 
accurate  estimates  of  the  cumulative  probability  density  functions  can,  of 
course,  be  constructed  directly  from  the  measured  data  at  each  point  in 
angular  space.  Alternatively,  one  could  compute,  for  example,  the  first  4  or 
5  "cumulants"  to  approximate  the  "characteristic  functions"  and  obtain  the 
probability  density  functions  at  each  point  as  the  Fourier  transform  of  the 
approximate  "characteristic  function11.^  The  cumulative  probability 
distribution  at  each  point  in  angular  space  is  then  obtained  by  integrating 
the  probability  density  function  (see  Reference  7) .  Both  methods  require 
considerable  amounts  of  computer  time  in  order  to  process  the  large  mass  of 
measured  data  for  the  second  and  third  harmonic  regions.  However,  it  may  be 
possible  to  derive  relatively  simple  estimates  of  the  angle-dependent 
cumulative  probability  distribution  functions  through  further  analytical  and 
numerical  investigations . 


7 

Papoulis,  A.,  Probability,  Random  Variables,  and  Stochastic  Processes, 
McGraw-Hill,  Inc.,  1965. 
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SECTION  4 

RESULTS  AM3  RECOMMENDATIONS 


RESULTS 


Hie  out-of-band  antenna  patterns  measured  during  this  research  program 
for  a  reflector  antenna  illuminated  by  a  small  horn  antenna  excited  via  a 
coax-to-waveguide  adapter  represent  a  significant  first  step  toward  the  goal 
of  attaining  a  comprehensive  measured  data  base  for  the  out-of-band  radiation 
characteristics  of  reflector  antennas.  Hie  effects  of  higher-order  mode 
excitations  in  the  waveguide  feed  horn  assembly  are  clearly  evident  in  the 
measured  antenna  patterns  over  the  tested  second  and  third  harmonic  frequency 
regions.  Hie  general  characteristics  of  the  measured  data  that  are  important 
for  EMC  applications  may  be  summarized  as  follows: 

1.  Hie  peak  gains  of  the  out-of-band  patterns  are  generally 
comparable  with  the  peak  gain  at  the  in-band  design  frequency  and  frequently 
exceed  the  in-band  peak  gain.  Most  of  the  peak  gains  are  greater  than  25  dB 
above  isotropic . 

2.  A  substantial  cross -polarized  pattern  is  radiated  for  the  out-of- 
band  frequencies .  Hie  peak  gains  of  the  cross-polarized  patterns  are  greater 
than  10  dB  above  isotropic  for  the  majority  of  the  tested  frequencies. 

3.  Hie  peak  of  the  out-of-band  radiation  is  typically  shifted  in 
azimuth  and  elevation  away  from  the  in-band  electrical  boresight  direction. 
However,  the  azimuth  and  elevation  shifts  are  usually  less  than  the  3-dB 
beamwidth  of  the  shifted  "beam". 

4.  Hie  out-of-band  patterns  typically  have  several  prominent 
secondary  lobes  whose  peak  gains  are  also  significant  for  EMC  applications. 

5.  Hie  computed  average  gains  over  the  front  80-degree  azimuth 
sector  are  typically  greater  than  isotropic  for  the  second  harmonic 
frequencies,  but  they  are  typically  below  isotropic  for  the  third  harmonic 
frequencies . 

6.  The  cumulative  probability  distributions  computed  directly  from 
the  measured  out-of-band  data  differ  noticeably  from  a  Gaussian  distribution 
and  do  not  appear  to  have  analytical  form,  but  the  Gaussian  approximation  can 
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nonetheless  provide  useful  interim  engineering  estimates  for  the  cumulative 
probability  distributions. 

The  out-of-band  data  supplied  to  ECAC  under  this  contract  are  immediately 
useful  for  EMC  analysis  of  cosited  antenna  coupling  and  should  enhance  the 
validity  and  confidence  of  out-of-band  antenna  coupling  estimations  for 
applicable  real-world  situations.  However,  further  empirical  and  analytical 
research  efforts  are  needed  in  order  to  obtain  a  more  comprehensive  data  base 
and  to  derive  efficient  and  reliable  analytical  models  for  analyzing  and 
subsequently  improving  the  electromagnetic  effectiveness  of  cosited 
antennas.  Toward  that  end,  it  is  recommended  that  the  following  additional 
research  tasks  be  undertaken. 

RECOMMENDATIONS 

1.  Additional  Out-of-Band  Pattern  Measurements.  Additional  measurements 
of  the  out-of-band  pattern  performance  of  reflector  antennas  are  needed  to 
determine  the  effects  of  transmission  line  components.  The  out-of-band 
pattern  performance  has  been  shown  to  be  sensitive  to  the  type  of  waveguide 
transmission  components  employed  in  the  feed  system.  To  date,  measurements 
have  been  performed  using  a  simple  coaxial  cable-to-waveguide  adapter  feed 
system.  It  is  proposed  that  additional  measurements  be  performed  using  a  feed 
system  incorporating: 

a.  coaxial  cable-to-waveguide  adapter  and  E-plane  bend, 

b.  coaxial  cable-to-waveguide  adapter  and  H-plane  bend, 

c.  a  coaxial  cable-to-waveguide  adapter  attached  to  a  typical 
waveguide  feed  which  extends  from  the  reflector  rim  to  the  feed  horn. 

Statistical  processing  will  be  performed  on  the  data  to  determine  whether  the 
different  transmission  line  devices  result  in  significant  changes  in  the  out- 
of-band  statistical  average  pattern  performance.  These  measurements  will  be 
performed  over  frequency  bands  centered  about  the  fundamental,  the  second,  and 
the  third  harmonic  frequecies. 
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2.  Computer  Model  Simulations.  A  Monte  Carlo  computer  model  has  been 
developed  under  a  companion  program  (see  Reference  1)  to  compute  statistical 
average  out-of-band  reflector  antenna  patterns.  Preliminary  computer 
simulations  have  demonstrated  that  the  out-of-band  patterns  are  particularly 
sensitive  to  the  relative  phase  deviation  of  the  higher-order  transmission 
line  mode.  However,  the  sensitivity  of  the  model  results  as  a  function  of 
variables  such  as  the  mode  amplitudes,  mode  phases,  and  "mixture"  of  modes  has 
not  yet  been  tested  against  measured  data.  It  is  proposed  that  the  following 
numerical  simulations  be  performed  to  determine  the  con$>uter  model 
sensitivi ty: 


a.  Exercise  the  computer  model  to  determine  the  effects  of  mode 
amplitudes,  mode  relative  phases,  and  mode  mixture  on  the  out-of-band  pattern 
statistics  —  specifically,  the  mean  pattern  and  standard  deviations. 

b.  Modify  the  model  to  account  for  the  effects  of  waveguide 
feed  system  length  on  the  relative  model  phases  by  using  the  higher-order  mode 
phase  velocity  equations. 

c.  Cbmpare  the  conputer  model  mean  patterns  and  standard 
deviations  with  the  measured  data  obtained  during  the  measurement  program. 

3.  Extension  of  the  Out-of-Band  Reflector  Antenna  Pattern  Model.  The 
present  computer  model  performs  a  vector  calculation  of  the  average  pattern 
and  standard  deviation  over  an  approximately  ±50°  to  ±80°  field-of-view 
centered  on  the  antenna  boresight.  In  many  applications,  it  is  desirable  to 
determine  the  complete  pattern  statistics  including  the  back-lobe  regions. 
Also,  it  is  often  necessary  to  compute  pattern  statistics  such  as  the  median 
gain  and  standard  deviation  over  either  a  complete  4n  steradian  or  partial 
angular  sector.  However,  with  the  present  model,  these  computations  can  be 
time-consuning  and  ejqpensive.  Thus,  it  is  proposed  that  the  model  be  extended 
to: 


a.  Include  the  effects  of  reflector  rim  edge  diffraction  and 
strut  and  feed  horn  blockage  on  the  out-of-band  antenna  pattern.  This 
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extension  will  make  it  possible  to  compute  the  out-of-ban*!  pattern  over  a  full 
4ir  steradian  angular  sector,  or  over  any  selected  subsector  of  the  pattern. 

b.  Incorporate  routines  to  determine  the  median  gain  and 
standard  deviation  of  the  out-of-band  pattern  for  the  full  4t  steradian 
angular  sector. 

c.  Examine  computational  methods  to  decrease  the  computer  run 
time  required  by  the  model.  These  methods  might  incorporate  some  recently 
published  techniques  which  are  particularly  suited  to  circular  aperture-type 
antennas. 

4.  CXit-of-Band  Antenna  Coupling.  Presently,  under  U.S.  Army  CORADCOM 
sponsorship  through  the  Army  Research  Office,  a  theoretical  model  for  out-of- 
band,  near-field  antenna  coupling  is  under  development.  However,  no  measured 
data  are  available  to  validate  the  theoretical  analysis.  It  is,  therefore, 
proposed  to  perform  a  limited  set  of  out-of-band  antenna  coupling 
measurements,  including  the  following: 

a.  Out-of-band  coupling  measurements  as  a  function  of  azimuth 
angle  for  two  reflector  antennas  located  at  the  same  elevation.  (Note:  this 
corresponds  to  the  "common  boresight”  case. )  These  measurements  will  be 
performed  over  frequency  bands  centered  on  the  second  and  third  harmonics. 

b.  Antenna  coupling  measurements  as  a  function  of  azimuth  angle 
for  two  reflector  antennas  separated  by  approximately  one-to-two  antenna 
diameters  in  elevation.  These  measurements  will  be  performed  over  frequency 
bands  centered  on  the  second  and  third  harmonics. 

t 

The  measured  data  will  be  processed  to  determine  the  mean  and  standard 
deviation  of  the  out-of-band  coupling  as  a  function  of  azimuth  angle.  It  is 
proposed  that  "identical”  antennas  be  employed  whose  out-of-band  far-field 
pattern  statistics  are  known.  By  employing  known,  "identical"  antennas,  a 
correlation  between  the  far-field  pattern  median  gain  and  the  near-field 
coupling  can  be  readily  examined. 
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APPENDIX  A 

DESCRIPTION  OF  THE  TEST  ANTENNA 


The  test  antenna  used  in  this  study  (see  Figure  1)  is  a  horn-fed,  4-foot- 
diameter  paraboloidal  reflector  antenna  having  an  F/D  ratio  of  0.4.  A 
detailed  description  of  the  feed  and  feed  support  assembly  is  provided  by  the 
sketches  in  Figures  A-1  through  A-4.  Figure  A-1  shows  a  front  view  of  the 
antenna;  Figure  A-2  presents  a  side  view  of  the  antenna.  The  feed  horn 
assembly  and  mounting  ring  are  profiled  in  Figure  A-3.  Finally,  Figure  A-4  is 
a  sketch  of  the  feed  horn  aperture. 


8.6  inches 


Figure  A-1.  Front  view  of  the  test  antenna 


Figure  A-3.  Side  view  of  the  feed  horn  and  mounting  ring 


Figure  A-4,  Inside  dimensions  of  the  feed  horn  aperture 
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APPENDIX  B 

LIST  OF  CONTRIBUTING  PROFESSIONALS 


The  following  engineers/scientiats  (listed  in  descending  order  of  person- 
hours  devoted  to  this  research  program)  made  major  contributions  to  the 
research  efforts  on  this  contract: 

B.  J.  Cown 

E.  E.  Weaver 
R.  C.  Rogers 

C.  E.  Ryan,  Jr. 

F.  L.  Cain 


D.  R.  Blount 
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APPENDIX  C 

LIST  OF  RELATED  CONTRACTS 


TABLE  C-1  lists  contracts  performed  by  the  Electronics  and  Computer 
System  Laboratory  of  the  Engineering  Experiment  Station  of  the  Georgia 
Institute  of  Technology  that  are  related  to  the  measurements  presented  in  this 
report. 


CONTRACTS  RELATED  TO  RADAR  ANTENNAS 
(Page  1  of  2) 
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